METHCD OF MANUFACTURI NG A POVER DI CDE The present invention rel at ERsadely Brs
sem condyctor material particularly intended for wuse in nmanufacturing

bi po+ar sem conduct @r T hi gh vol tage fast sw tching
rectifiers and an al |T”g’§i%£' %nl'i d for making sane. 5 The
production of materi fo Di n_mehuf acturi ng sem conduct or devi ces by

epi taxi al techniques and diffusion is well Known. A process whi ch enpl oys

|1 i taxial f.hod.i s disc¢l d. i di E P t .
Appl i cat | on_ 0430170 HHeSEHE1 STYSREI Ih Fe106H aha STLCRHORGrTT MayeF ot
Epi taxial 10 %&fﬁbﬁ&%ﬂ‘?d ¥B1BAGe4 O £5RDT ,Sat | @ﬁ Sﬂ\%ufé@&?x% » Hibohdr
known to enpl epl taxi al techniques to formdepletion Tayers th .

silicon/silicoaGRidRlcYsY M&riaeesstiddensConti | QB3 t¥bé ClEakes Wil idhing
regions of msfit dislocations to control the swtching speed of the power

sem conduct or yiewigaers! Bnihka 461 r@gaiaskialNRetBRad et of Sakahgr s8fef 0 U. S.
Patent No. 5,097,308 and U.S. Patent No. 5,102,810, both issued to Ali

Salih and ergitl| ed-THét hedahetiéantod| maBgrTAE Iwirt chsay ivpepanufadtivzahgr
Power Devices. The present invention is particularly concerned with 20
provi di ng an isswiccordugtoredevices rakiepjtaxiali teckhidjues and diffusion is .
"well known. A process which employs an all épitaxial method is -
disclosed in copending European Patent Application 94301701.2
-filed 10th March, 1994 and entit]_.ed Multilayer Epitaxial
10 Structure anci Method for Fabricating Same. Moreover, it is
lknown to employ epitaxial techniques to form depletion layers
with silicon/silicon-germanium intér—faces under conditions which
result in regions of misfit dislocations to control thé
switching speed of thé power sexniéonductor devilces.' In this
15 regard, the reader is referred to U.S. Patent No. 5,097,308 and
U.S. Patent No. 5,102,810, both issued to Ali Salih and entitled
Method for Controlling The Sv}itching Speed of Bipolar Power
Devices. |
B The present invention is _particuiarly concerned with
| 20 providing an improved process | for making a semiconductor
ﬁatérial using all epitaxial techniqués, similar to that
disclosed in the aonementioned Apblica'tion No. 94301701.2 to
form regions of misfit dislocations similar to those disclosed
in the_ above patents. The material j.s economical to produde and
25 particularly well suited lfor fabrication of high \';oltage, fast
swi{:ching rectifiers rated ovef 1000 volts with high yields and

high reliability.

By combining Several techniques in which a method is
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material using all epitaxial techniques, simlar to that disclosed in the
abovenenti oned Application No. 94301701.2 to formregions of msfit
dlslocatlons simlar to those disclosed in the above patents. The materi al
I s econom cal to produce and 25 particularly well suited for fabrication of
hi gh voltage, fast switching rectifiers rated over 1000 volts with high
yields and high reliability. By conbi ni ng2several techniques in which a

met hod is 2 aphleved in which the epitaxjial mater
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and silicon containin
5 The substrate 1s preferably Neutron Transmutation Doped

silicon or Float Zone 5111con. The surface of the high
resistivity layer is prepared by slicing, diamond grinding
and, if necessary etching. Alternating iayers of
substantially germanium free siiicoh and silicon containing -
10 germanium are epitaxially grown under conditions suitable
to create regions of misfit dislocatioﬁs. The mnisfit
dislocations function to control switchihé speed of the’
device to be formed. A low resistivity layer is'grown over
the .misfit dislocétion region. The material is then
15 invefted so that the low resistivity layer takes the place
of the substrate and the high resistivity.layer takes the
- place of the epi layer that is used to form the base of the
semiconductor.
The present invention. particglarly enables_ us to
20 provide an epitaxial process for making material useful ih
‘the fabrication of" hlgh voltage fast switching blpolar
power semiconductor devices.
The practice of the present invention enables us to
provide ‘an epitaxial proceés in which the méterial is
25 inverted so as to interchange the position of the high
'resistivity and low resistivity'layérs.
It giso enables us to provide a method fdr-makingja

material useful in fabricating high voltage rectifiers



10 gernanium are epitaxially grown under conditions suitable to create

regions, of msfit dislocations. The msfit dislocations function to
control switching speed of the device to be forned. A low resistivity layer
is growmn over the msfit dislocation region. The material is then 15

inverted so that the lowresistivity |layer takes the place of the substrate
and the high resistivity layer takes the @ ace of the epi layer that is
used to formthe $ase of the sem conductor. The p gent i.nvention,

particul arly THeef e YR t 4098 pYRYFsie b efhisd a‘Pe ?SEes%anJPe?ﬁk‘i‘glg is

material usefuy]
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layers. It al$ ﬁbles us to provide a nethod for naklng a material useful
I n fabrlcatlng Igh voltage rectifiers '
5 - In accordance with one aspect of the present

_invention, a method is provided of making material useful
in fabricating a semiconductor device of the-type having a
high resistivity, thick base. = The method begins by
preparing the surface of a relatively high resistivity

10 silicon layer. A multilayer silicon region is grown by

.vapor deposition adjacent the prepared surface. ﬁhder
conditions which result in misfit dislocation regions;' A
relatively low resistivity silicon 1ayef-is grown adjacent
the'multilayer region. The material is then inverted. The.

15 thickness of the high resistivity layer is reduced to a |
thickness adequate for the width of the base of the device
to be formed. The device can thereaftef be formed in the
material using the high resistivity silicon layer as the
base. The method preferably includés the following steps:

20 The step of preparing the surface preferably comprises
the step of slicing the high -resistivity silicon and
diamond grinding the'surface. Tﬁe ground surface is then
gas etched in an. épitaxial .reactor or chemically
mechanically pblished;

25 = The step of forming the multilayer fégion comprises

' the.steps'of forming a first éuﬁstantially germanium free
silicon layer and fofming a first silicon, 1ayef'containiﬁg

a few ©percent germanium, so as - to create - two



3 rated over 1000 volts, in which defect engineering is utilized to
.control switching speed, while avoiding the difficulty of grow ng very high
reSIst|V|ty, very thick epi layers. 5 - In accordance wth one aspect
of the present invention, a nethod is provided of nmaking material useful
in fabricating a senIConductor device of the type having a high
resistivity, thick base. The nethod bef§ins by preparing the surface of

a relatively hL h resistivity 10 sil.icon, |aye mul tilayer silicon
region is gro®h b?°9é56&1°88p8§qﬂ%ﬂ+uﬁnﬂ E%%#aC?Iéﬁa?ﬁ%pared surf ace
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hi gh reS|st|v?ty silicon |layer as the base The neth preferably I ncl udes
the fol | ow gg3gyeps: contalnlng a few percent germanium, so as to create

two more silicon/silicon-germanium interface planes.

A third substantially germanium free silicon layer is
formed in two steps. The éurface of this third layer is
partially removed to form the surface of the multiléyer_

10 regiqn.

The method further cbmprises the step of forming a
silicon buffer layer édjacent the multilayer region. The
low resistivity layer is formed adjacent the buffer layer.

The step of réducing the thickness of the high

15 resistivity. layer comprlses the step of grlndlng the
surface of the low re51st1v1ty layer.

" The method further comprises the step'of etching the
ground surface of the high resistivity layer. The high
resistivity silicon layer for example comprises 100 ohm-cm

20 N type Float Zone or Neutron Tfansmutation Doped silicon.

The silicon layer, containing a few percent germanium,
is Qrown to a thickness of approximately 2 microns. Each
of the.léyérs containing no germanium is also grown to a
thickness of approximately'z micfons; The step of forming

25 the third layer, again containing no Ge, comprises the
steps of'growing a first portioﬁ'approximately'two microns
thick and growing a second'portion, which next is partialiy'

etched away, to form the surface of the third'layer.



20 The step of preparing the surface preferably conprises the step of
slicing the high resistivity silicon and dianmond grinding the surface. The
ground surface is then gas etched in an epitaxial reactor or

chem cal ly nechanically polished. 25. The step of formng the

mul tilayer region conprises the steps of formng a first substantially
germanium free silicon layer and forming @first silicon,.layer containing
a few percent

silicon/silicon- ggﬁ‘rﬁnﬁfﬁlﬁﬁ%ﬁ"e?s-‘(f)ja‘égé}s|__%§’e§‘.g‘r°$ﬂieae¥?t’é\é€%? ?ﬁﬁ?"nsgt’}‘f%ty of
mul (i ayer regign LHLLNeRqcOTRLSss .St ERs SLAETVILA SAGAM 1aver

substantiall y germanrumfrée s con layer~and rormng a-seco

~layer, contai ggngraw;lexgopg_r Eﬁﬁ%})&%&@@f“@oos%ﬁé% create two nore

silicon/silicon-germaniumintertace planes. substantial ly germani um
}‘;eg silicon layerqphg (PaBRIcENoEVEnS! ER¥ent 18R BOEHhES AlgdPas hdidsidpyer
-5 for ‘use in manufacturing semiconductors and an all-
epitaxial method for making same, is set forth in detail in
the following description taken together'with the.annexed
drawings, in which like numerals relate to like parts and
in which:

10 Fig. 1 is a schematic cross-sectional view of the
material of the present invention after it has been formed
but prior to inversion; and

Fig. 2 is a schematic cross-sectional of the material
of the present invention ready for device fabrication.

15 | As seen in. the figures, the starting material is a
layer 10 of_either Float Zone or Neutron Transmutated Doped
silicon with a relatively high resistivity (100 ohm-cm)
oriented at 1—1-1-or31-0-0. In this example, it is N type,
with a thickness of approximately 10 mils. |

20 The surface 12 of layer 10 is prepared by slicing and

| chemical mechanical polishing or an equivalent two step
diamond grinding process whicﬁ is disclosed inh the
copending European Patent Application 94301627.9 filed
March 8, 1994. | o | |

25 'After obtaining a mirror finish on surface 12, a two
step high temﬁerature l_HCl 'gas etch is employed.
Thereafte;, | a multiléyer' region including | tﬁo

silicon/silicon-germanium interfaces, is grown under



partially removed to formthe surface of the nmultilayer 10 region. The

met hod further conprises the step of formng a silicon buffer |ayer

adj acent the nultilayer region. The low resistivity layer is forned

adj acent the buffer layer. The step of reducing the thickness of the high
15 resistivity layer conprises the step of grinding the surface of
the low resistivity layer. The nethod furt®er conprises the step of etching

the ground surface, of the high resistivity |ayer. The hj gh resistivity’
silicon I ayer $PILRIRTF e U}aﬂﬁ’r‘-i"s§§sfé§ ol crﬁei‘fb I\F‘?Vb%t’ﬁ?‘?)at°§on’@1§ifl
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contai ni ng No ELahgPHRLLSES the steps of growing a first portion
approximately two mcrons thick and growi ng a second portion, which next is

partially etghed awdye E9rker Bubaeasia0§ fermithivhh rfré@y8ilicon layer
14 has a resistivity of 10 ohm cm and a thickness'éf about
5 microns. Adjacent.silicon iayer 14, a first silicon
layer 16, containing a few percent germanium is grown.
Layer 16 has a resistivity of 10 ohm .cm,_ contain$ 
10 approximateiy 3% germanium and has a thickness of about two
microns.
Adjacent layer 16'is-a.second substantially germanium
free silicon layer 18 having a resistivity of 10 ohm cm and
a thickness of about two microns. Next to layer 18 is
15 grown a second germanium containing layer 20. Layer 20 has
a resistivity of 10 ohm cm, contains approximately 3%
germanium and has a thickhess of about two microns.
Adjacent layer 20'is formed a third germanium free
silicon layer including a first silicon sublayer 22 of 10
20 ohm-cm resistivity, "about 2 microns thick and a second
silicon sublayer 24 also of 10 ohm-cm resistivity and 2
micron thickness. |
The surface of sublayer 24 is subject to a HCl gas
etch to remove a portion éf the sublayer. This step also
25 cleans up the depoSiﬁion of germanium from tﬁe chambér,
pre&enting it from actiné as a future unwanted source.
_Adjaceﬁt the etched surfaée of sublayer 24 is grown én

N-type silicon buffer layer 26 of 10 ohm-cm resistivity.



The low resistivity silicon |layer has a resistivity of less than .005
ohmcm , The low resistivity Sili-con-layer is growm to a thickness of 100
m crons. The practice of the invention both as regards material 5 for use
i n manufacturing sem conductors and an all- epitaxial nmethod for making
sane, is set forth in detail in the follom@ng_description t aken toget her
wi th the annexed drawi ngs, in which like nunerals relate to |like parts and

i which: 10 rayedFige ol S SGheMELigCrgrs-9ead 098l YAl tdiercx.

materi al of the“present invention after -it een forme prior t

i nversion; anaydrpattds 8 YNYBWLET 085~ TR 11§ &tS@sémft%hal.@ésthe
present invention ready for device fabrication. 15- seen in the

figures, the Yrd-idm)y MAUSKIeH 2i8S ig baveh €8 &ftkitkeesEl oat1doneicFons.
Neut ron Transnut ated Doped silicon with a relatively high resistivity (100

ohmcm oriented atThle lrésalting- (nateridl sgexetpldy ilassal tNHEsice l-a
t hi ckness of approxinmately 10 m |l s.

5 structure. The material is then inverted as shown in Fig.
2 such that high resistivity N- layer_io is,situafed on top
‘and low resistivity N+ layer 28 is located below. The
surface 30 of layer 10 is ground to remove a .portion
thereof such that it has the predetermined thickness

10 required to support the desired voltage. - That is, layer'loi
will be thick enough so that after additional diffusions

- .enough is left to serve as the high resisrivity layer of
the device. The surface of layer 10, surface 30, is
subjected to a ﬁ01 gés etch, or to another damage removing

15 etch, to further minimize damage from the grinding process.

The material is removed from the reactor. It is now
ready for device processing. It has a N-/SiGe/N+
structure. |

.It will now be appreciated thai there has been

20 described a material particularly adapted for use in
manufacturing bipolar power semiconductor devices such as
a high Voltage fast switching rectifier rated at over 1000
volts and to a unique method for making.same.. The material
starts with an N layer eof high .resistivityu. A siGe.

25'mu1tilayer ‘region containing misfit dislocations for .
switching speed control is grown. Then a low resistivity
N-layer is formed. The materiel is then inverted and the

thickness of the high resistivity layer adjusted such that



20. The surface 12 of layer 10 is prepared by slicing and chem cal
mechani cal polishing or an equivalent two step dianmond grinding process
whi.ch is disclosed in the copending European Patent Application

94301627.9 filed March 8, 1994. 25 After obtaining a mrror finish on
surface 12, a two step high tenperature gHCl gas etch is enployed.
Thereafter, a mul til ayer regi on i ncl udi ng two
silicon/silicopOaundm; JiikathAaS er detoldWhe WKEd of theoddviéens
which result Bfn lg%é formatior¥a gﬁﬁ m sfit dislocations. . Preferably,

this region inclydg3e sbX1§eRar aiagll typereta¥er emdoditsht bhasvapeen

deposition techniques.. 5 . The first substantially germaniumfree
silicon |ayer di4dlasell foX purpobrsobflDl bhsteataod, ambhyckaeistbbnaband 5
m crons. Adj acent silicon layer 14, a first silicon |ayer 16, containing

a few percent mgelifHmatndres gcowhd be made thereto. It is intended to

5 cover all of these variations and modifications which fall
within the scope of the present invention as defined by the

following claims:



Layer 16 has a resistivity of 10 ohm cm contains 10-apprexinately
3% ger mani um and - has a thickness of about two mcrons. Adjacent

| ayer 116 is
a second substantially germanium free si.licon |ayer HMIH“I“]“ H tivity
of 10 ohmcm and a thickness of about two mcrons.. is 15
grown a second germani um containi ng | ayer 20. Layer 20 has a re5|st|V|ty of

10 ohm cm™ cont ai ns approxi nately 3% ger I um and has a thickness of about

t wo niprons._ﬁggacent layer 20 is formed a third germaniumfree silicon
| ayer incl udi irst silicon sublayer 22 of 10 20 ohmcmresistivity,

about 2 m crogs thic Qg [ S
resistivity aﬁ‘d 2 nh1 %‘r%%%qﬁ 1';Qt'i?riess ﬂ%eﬁﬁﬁ ace 0$é§§£ gg}e?a%féflll%?ﬂg gef:nt

to a HA gas gkl 0 oA SR gdviaek! benthk epﬁesumu ra bddé sebtiena aj Beer5
cl eans up the deposition of germaniumfromthe cha preventing it from

acting as a f Walde JiHE! e€hé OnkeRodAdicapaiils irte ﬁi@heﬁepsrbécmrﬁpuM@yer
24 is grown an N-type silicon buffer- | ayer 26 of 10 ohmcmresistivity.

5 the surface of a relatlvely high resistivity silicon layer;
growing a multilayer silicon region by vapor deposition
adjacent thé prepared  surface, under conditions which
result in localized misfit dislocations; growing a
relatively low resistivity silicon 1layer adjacent the

10 multilayer region; inverting the matefial;' and reducing
the thickness of the_high resistivity layer to a thicknéss,
such that part of thé.aevice can be formed in the material
using the high resistivity.Silicon layer and énough is left
to serve as the base 6f'the device.

15 2. The method'of'claim i wherein the step of preparing
the surface comprises: the step. of slicing the high
reéistivity silicon and diamond grinding the_surface.

3. The method of Claim 2 wherein the step of preparing
the surface further comprises the step of etching the

20 gfound surface. |
4. The method of Claim 1 wherein the step of forming the
multilayer region comprises the.steps of forming a first;
substantially germanium free silicon layer and forming a
first silicon layer, éontainiﬁg a few perqént germanium, so

25 as to create a first silicon/silicon—germanium interface.
5. The method offclaim 4 wherein the step of forming the
'multilayer region further comprises the steps of fo:miné a

second substantially germanium free silicon. layer and



7 Layer 26 is in the range of 5 to 15 microns thick. Thereafter a
relatively lowresistivity (Iess than . 005 ohmcm) N+ layer 28 is grown to
a t.hi ckness oﬂ e resultlng mat eri al generally has an

N+/ Si Ge/N- 5 Iﬂﬂﬂumﬂuﬂm,lmt erial is then inverted as shown in Fig. 2
such that high*residtivwity N layer 10 is gituated on top and | ow
resistivity N+ layer 28 is | ocated bel ow. The surface 30 of layer 10 is

hi okness 10 ToiEan: SRR A oL Ve, | boERih iRl ] BL B0y

d"t 0 suppor e desi age
will be thi Closnpdiolud tg@t £ t 1o adgidjrqnal, dgééuﬁaonélfﬂeaﬂ?sﬁ1JcsLL to
serve as the high resiStivity layer of the device. The surface of |ayer
10, surfaceeég%maﬁﬁuﬁuphggfggcég a HCO gas etch, or to.another damage
removing 15 etch, to further ninimze danage fromthe grinding process. The

material is renoverhérpethsq 6€aclaim bt wher8dw tRadytepost dermﬁzﬁg the
processi ng. It has a N/SiGe/ N+ structure.

5 multilayer region further comprlses the step of forming a'

third substantially germanium free silicon layer and

partially removing the surface thereof to form the surface

of the multilayer region.

7. - The method of Claim 1 further comprising the step of -
10 forming a silicon buffer layer adjacent the multilayer

‘region.

8. The method of Claim 7 whéréin the low resis_tivity

layer ié formed adjacent the buffer layer.

9. The method of Cléim 1 further comprising the step of

- 15 reducing the thickness of the high resistivity layer

comprises the step of diamond grinding the surface of the

high resistivity_layér.

10. The method of Claim 9 further comprising the stép of

etching the ground surface of the high resistivity layer.
20 11. The method of Claim 1 wherein the high resistivity

silicon layer comprises 100 ohm cm N type Float Zone or

Neutron Transmutation Doped siliéon.

12. The ﬁethod of Claim 4 wherein the silicon layef,

containing a few_percgnt'germanium is growﬁ to a thickness
25 of appro#imately 2 microns;

13. The method of Claim 5 whefein each of.the layers is

groﬁn to a thickness of approximately 2 microns.

14. The method of Claim 6 wherein the step of forming the



devi ces such

volts and to a unlque reth d for maki ng same. The material starts with an
N | ayer. of high re5|st|V|ty A Si G 25 nultllayer regi on containing

msfit dislocations for switching speed 1dontrol is grown. Then a | ow
resistivity forne

t hi ckness. of Nil al\éﬁ”gﬁ?’és?%??ﬁ??l%@%r Q%%Iﬁ%s?écé uc#“f\tgg'[ %tagqﬁtelgﬁiegh.
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I SC osed for pur poses O tration, nany

variati ons angugpdyLicabl 8c eHed s sRile daned Gnixd Ndyes nt ended to 5

cover all of these’variations and nodifications which fall” within the scope
of the presenysinvefbi Gle@sodiebirnagh H¥mt He ¥Rbrevhndnd a1 6% resistivity

It will nom1 preC|ated that there has been 20 described a naterlal
particu) arly E | !wi{uulﬂ Ln manuf acturi ng bi pol ar power sem conduct or
fast switching rectifier rated at over 1000

5 silicon 1ayer has a resistivity of less than .005 ohm-cm. .
16. The method of Claim 1 wherein thellow resistivity
silicon 1ayer is grown to a thickness of 100 microns.

17. A material useful in manufacturing semiconductor
devices of the type having a base with a given base width,
10 the material comprising a relatively high resisﬁivity
silicon layer having a thickness equél to said given width,
said high resistivity layer being situated above a region
comprising a eilicon/silicon germanium interface formed
under conditions which.reeult in misfit dislocations, a
15 relatively low- resistivity epitaxial 1layer, said low
resistivity layer being situated below said region, such
that the high resistivity layer is adapted to form the base
ef the semiconductor device.
.18. The material of Claim 17 wherein said region further
20 comprises a second silicon/silicon-germanium interface
formed under conditions which result in misfit
dislocations.
19. The material of Claim 17 wherein said region comprises
a first layer of substantlally germanlum free silicon and
25 a first layer of silicon layer, contalnlng a few percent
| gernanium. '
20. The materiai of Claim 19 wherein said region conpriees

a second layer of substantially germanium free silicon and



9 Cains 1. A nmethod for nmaking material useful in fabricating a
sem conduct or device of the type having a base with a given base width, the

met hod éonpri:smml“"ﬁmnﬁmuﬁ preparing 5 the surface of a relatively high
resistivity sil ing a nultilayer silicon region by vapor
deposi tion adjaEedi t'he "pr &pat ed surface, under conditions which result in
| ocalized msfit dislocations; growm dd a relatively lowresistivity
silicon layer adjacent the 10 multilayer region; inverting the material;
and reduci ng 8h&eCRNEkASYSYOPL e 1HiGa rlayeXi vFeytrapengt 8 £eihRIGRENS:
such that part of the device can be forned in the material using the hig
resistivity sPPFE8RMByer and enough is left to serve as the base of the

device. 15 2._. Th thed af .C a m.1 wh in the,step.qf i h
surface compfhses TERBAtERdRL G (ALE AP YRETShRgRSsremvn e &,
and di amond 9&5&8&&%é¥“358339861ayer of substantially germanium free

5 silicon.

22. The material of Claim 17 further-compfising a buffer
layer situated between said region and said low resistivity

silicon layer.



3. The method of Claim2 wherein the step of preparing the surface
further,conprises the step of "etchi-ng the 20 ground surface. 4. The

nmet hod of Claim1l1 wherein the step of formng the nmultilayer region
conprises the steps of forming a first substantially germaniumfree silicon
| ayer and formng a first silicon |layer, containing a few percent _
. germanium so 25 as to create a first silagon/sili = ir f ace.
5. The nethod of Claim4 wherein the step of forﬁngf§ﬁEFﬂﬂﬁﬁyﬁﬁ£§:r
region further conprises the steps of ABS8ERAGTa second REBEAGHER i al i

germaniumfree.silicon |layer and 10 form ng a second silicon layer,
contai ning a few percent gernmani um so as to create a second
silicon/silicon- germaniuminterface._ 6. The nethod of O aim5 wherein

the step of forninghehe 3 1nIeR}iaxtak egPBﬁC?EFt h&tagdpr i%ksht hd shdghof
formng a third substany' ally; &g "BLITELee pl4) CON Ay 1ayers
| (14-24) of 'silicon and silicon-germanium are epitaxially
5 grown on the substrate under conditions which create a
region ﬁith misfit dislocations. A low'resistivity silicon
layer (28) is then grown over the region. The material is
inverted such that.the high résistivity'iayer (10) can be
used to form the base of the device. The thickness of the
10 high resistivity layer is adjusted to egual the width of

'the base of the semiconductor device to be fabricated.

' Thls Sheet Has B
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partially renoving the surface thereof to formthe surface of the,

mul tilayer region. 7. The method of Claim1 further conprising the step
of 10 formng a silicon buffer |ayer adjacent the nultilayer region. 8.

The nethod of Claim7 wherein the lowresistivity layer is formed adjacent
the buffer layer. 9. The nmethod of Caim1l further conprising the step of
15 reducing the thickness of the high resistivity |ayer conprises the step
of dianmond grinding the surface of the high resistivity layer. 10. The

met hod of - Claim9 further conprising tﬁézstep of etching the ground surface
of the high resistivity layer. 20 11. The nethod of Claim 1 wherein the

high resystivitly S|wbcon ayer conprises 100 ohmcm N type Fl oat Zone or

D

Neut ron Transnutatid_ Doped silicon. 12. The nmethod of Caim4 wherein thg
silicon |ayer, contallning a few percentogermaniumis grown to a thickness
25 of approxi mately a‘nicrons. 13. The—fethod of . Caim5 wherein each of
the layefs is grown tio; a thickness of approximtely 2 mcrons.
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14. The method of Caim6 wherein the step of formng the third layer
conprlses the steps of growing a first sublayer approxinately two mcrons
t hi ck ‘and growi ng a second sublayer to formthe surface of the third |ayer.
15. The nethod of Claim1l1 wherein the lowresistivity 5 silicon |ayer has
a resistivity of less than .005 ohmcm 16. The nmethod of Claim1l wherein
the lowresistivity silicon layer is grown to a thickness of 100 m crons.
17. A material useful in mnufacturing sem conductor devices of the
type having a base with a given base width, 10 the material conprising a
relatively high resistivity silicon |gyer haV|ng a thickness equal to said
given width, said high resistivity |ayer being situated above a region
conprising a silicon/silicon germaniuminterface formed under conditions
which result in msfit dlslocatlﬁh|,Q%inré%atlvely |l ow resistivity
epitaxial -1ayer, said low resistivity |layer being situated bel ow said

regi on, such that the high resistivity layer is adapted to formthe base
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of the sem conductor device. 18. The naterial of Caim 17 mhereinqﬁg%qmu
regiron further 20 conprises a second silicon/silicon-germaniumintertace

f ormed under condi tions whi ch resul t in msfit dislocations. 19.
The material of Claim 17 wherein said region conprises a first |ayer of
substantially germaniumfree silicon and 25 a first |ayer of silicon |ayer,
contai ning a few percent germanium 20. Thé3material of Claim 19 wherein
said region conprises a second | ayer of .substantially germaniumfree

silicon and 12 a second | ayer of sili r, containing a few percent
germani um 21. The matgQErabpObrCMANTFRCTORENG B POWER' ©30pE furt her
conprises a third | ayer—of Fal Ty gernaniumiree Silicon. 22. The

material of Clain11%hguﬂg¥¥ CQHPEAﬁiQQ aﬂ¥ggé¥s starts with a high
resistivity silicon substrate . (10). Alternating layers

(14-24) of ‘silicon and silicon-germanium are epitaxially

5 grown on the substrate under conditions which create a

region with nisfit dislocations. A 10& resistivity silicon

layer (28) is then gfown over the region. The material is

inverted such that the high resistivity layer (10) can be

used to form the base of the device. The thickness of the

10 high resistivify layer is adjusted to equal the width of

the base of the semiconductor device to be fabricated.

Fig. 1
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Iayer‘ situated between said region and said |low resistivity sibjgon tayer.
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METHOD OF MANUFACTURING A POWER DIODE

—Fhé present invention relates to a semiconductor material

particularly intended for wuse in manufacturing bipolar
semiconductor devices such as high voltage fast switching

- rectifiers and an.all epitaxial method for making same.

5 The production of material for use in manufacturing
semiuonductor devices by epitaxial techniques and diffusion is
well known. A process which employs an all epitaxial method is

_disclosed in copending European Patent Application 9_4301701.2
filed 210th March, 1994 and entit}.ed Multiiayer Epitaxial
10 Structure and Method for Fabricating Same. Moreover, it is
known to employ epitaxial techniques to fofm depletion layers
with silicon/silicon-germanium :‘_mtérfaces under conditions which
result in regions of misfit dislocations to control the
switching speed of the power semiconductor devices. In this
15 regard, the reader is referred to U.S. Patent No. 5,097,308 and
U.S. Patent No. 5,102,810, both issued to Ali Salih and entitled-
Method for Controlling The Sv}itching Speed of Bipolar Power
Devices .
The present invention is particularly concerned with _'
20 providing an improved process for making a semiconductor
material using all epitaxial techniques, similar to that

_ disclosed in the abovementioned Ap.élication No. 94301701.2 to
form regions of misfit dislocations similar to those disclosed
“in the above patents. The material is economical tn produce and

25 particularly well suited for fabrication of high voltage, fast
switching rectifiers rated over 106_0 volts with high yields and
high reliability. '

By combining several techniques in which a method is



